Herbivory and soil movement by subterranean mammals influences structure and species composition of plant communities they inhabit. Tunnels constructed by pocket gophers (Geomys bursarius) in Kansas produced an edge effect wherein biomass of the dominant plant species, big bluestem (Andropogon gerardii), increased adjacent to tunnels, then decreased, before increasing again. This wave-like phenomenon was attributed to reduction of biomass of big bluestem above tunnels releasing plants adjacent to tunnels from intraspecific competition. We tested for edge effects on vegetation over tunnels of Attwater's pocket gopher (Geomys attwateri) in a floristically diverse (Ͼ10 species of monocots, Ͼ30 species of dicots) prairie in coastal Texas. No community-level edge effect was detected; neither biomass, species richness, nor diversity of all plants, monocots alone, or dicots alone over tunnels differed significantly from that in quadrats 0 to 10, 10 to 20, 20 to 30, or 30 to 40 cm away from tunnels. Biomass of 4 individual species of plants prominent in the diet of G. attwateri did not show an edge effect. We conclude that tunnels of pocket gophers have a minor impact on plant biomass or community structure in the floristically diverse coastal prairie of Texas. This result contrasts to the negative effect of deposition of mounds above ground on plant biomass in prairies elsewhere in Texas and Kansas.
Disturbances by herbivorous rodents can alter plant biomass and productivity (Coppock et al. 1983; Ellison and Aldous 1952; Foster and Stubbendieck 1980; Grant et al. 1980; Polley and Detling 1989; Reichman and Smith 1985; Spencer et al. 1985; Turner 1969; Cameron 1986a, 1986b) , depth of the litter layer (Agnew et al. 1986; Coppock et al. 1983; Foster and Stubbendieck 1980; Hobbs et al. 1988) , and plant species richness, diversity, demography (Cantor and Whitham 1989; Foster and Stubbendieck 1980; Gibson 1989; Hobbs and Mooney 1991; Martinsen et al. 1990; Müller-Schärer 1991; Pyke 1986 Pyke , 1987 Reichman 1988; Tilman 1983) , and nutri-* Correspondent: g.cameron@uc.edu tive quality (Coppock et al. 1983; Holland and Detling 1990; Owensby et al. 1977; Polley and Detling 1989) in grassland and forest ecosystems. Herbivorous rodents influence plant communities that they inhabit in direct and indirect ways. Direct disturbances include herbivory, burrowing, and mound building by fossorial mammals and disturbances such as when prairie dogs continuously clip vegetation for food and to maintain an unobstructed view around their colonies (Whicker and Detling 1988) . Indirect effects result from alteration of microclimates of ungrazed plant species (McNaughton 1992) or modification of plant communities by deposition of nitrogen and other minerals (Day and Detling 1990; Ruess and McNaughton 1984) .
Pocket gophers (family Geomyidae) are fossorial rodents that create extensive disturbances in grasslands of North America by prodigious burrowing (Ellison and Aldous 1952; Foster and Stubbendieck 1980; Grant et al. 1980; Huntly and Inouye 1988; Tilman 1983 ). Tunnels of pocket gophers underlie up to 7.5% of a field (Reichman et al. 1982) , and their mounds can cover 10% to 20% of the surface of a field (Grant et al. 1980; Reichman et al. 1982; Spencer et al. 1985) . Deposition of mounds affects aboveground production of plants (Foster and Stubbendieck 1980; Williams et al. 1986 ), frequency, richness, and cover of plants (Foster and Stubbendieck 1980; Gibson 1989; Williams and Cameron 1986a) and concentrations of phosphorus, potassium, and nitrogen in soils (Andersen and MacMahon 1981; Grant and McBrayer 1981; Inouye et al. 1987; Koide et al. 1987; McDonough 1974; Spencer et al. 1985) .
A reduction in biomass of vegetation over tunnels has been noted for geomyids (Reichman and Smith 1985) and bathygerids (Reichman and Jarvis 1989) . More specifically, Reichman et al. (1993) discovered a wave-like effect on biomass by pocket gophers (Geomys bursarius) on Konza Prairie Research Natural Area (KPRNA), a tallgrass prairie in the Flint Hills of eastern Kansas. Biomass of plants directly over tunnels was greatly reduced, while biomass 0 to 10 cm away from the tunnel increased, biomass 10 to 20 and 20 to 30 cm away decreased, and biomass 30 to 40 cm away increased slightly. They hypothesized that the augmented growth 0 to 10 cm away from the tunnel increased competition with plants 10 to 30 cm from tunnels and reduced their growth (Franco and Harper 1988; Reichman et al. 1993) . For the 2 species of grass and 4 species of forbs recorded over tunnels at KPRNA, Ͼ95% of the biomass was grasses, and Ͼ90% of that biomass comprised big bluestem (Andropogon gerardii- Reichman et al. 1993) . Effectively, conclusions by those workers were based on response by a single, dominant plant species, and, accordingly, they were unable to characterize multispecies responses.
The coastal prairie of Texas contains a floristically rich plant community (Ͼ10 monocot and Ͼ30 dicot species- Drawe et al. 1978; Williams and Cameron 1986a) compared with the low floristic diversity found above tunnels of pocket gophers at KPRNA. The impact that mounds of Attwater's pocket gopher (Geomys attwateri) has on this plant community has been studied (Williams et al. 1986 ), so we focus here on the effect of their tunnels. Because the Texas prairie is more diverse and heterogeneous than KPRNA and Attwater's pocket gopher consumes a subset of available species (Williams and Cameron 1986b) , only small amounts of the total plant biomass would be removed. Differential response by individual plant species to disturbance by tunnels also may result in a lack of response in total biomass. Both of these factors led to the hypothesis that total biomass and species diversity would not exhibit an edge (or wave) effect in the Texas prairie. Furthermore, because individual plant species use resources differently, the magnitude of competitive release would be less in diverse communities (Maschinski and Whitham 1989; Müller-Schärer 1991) . Hence, we further hypothesized that individual species would not reflect the edge (or wave) effect reported for big bluestem at KPRNA.
MATERIALS AND METHODS
Our research was conducted on the Rob and Bessie Welder Wildlife Refuge (WWR), located about 48 km NW of Corpus Christi, Texas (Williams and Cameron 1986a) , where G. attwateri occupied areas of sandy soils that support a bunchgrass-annual forb community (Williams et al. 1986) . Dominant species of plants in this community include sea coast bluestem (Schizachyrium scoparium var. littoralis), big bluestem, Pan American balsamscale (Elyonurus tripsacoides), signalgrass (Brachiaria ciliatissima), Texas croton (Croton texensis), woolly croton (C. capitatus), wild buckwheat (Erigonum mul-JOURNAL OF MAMMALOGY tiflorum), and skunk daisy (Ximenesia encelioides- Drawe et al. 1978) . Our study site was Venado Sands, an area of about 204 ha near the Arkansas River that represented this bunchgrassannual forb community (Williams et al. 1986) , and sampling was restricted to about 15 ha that were fenced to exclude cattle.
Samples were taken on 21-22 May 1994 during the active growing season for most grasses but before senescence of spring annual dicots. Tunnels of pocket gophers were located by probing soil with shovels around active mounds. After located, a tunnel was opened Ͼ25 cm from the edge of its associated mound and traced Ͼ25 cm away from the edge of the opening to eliminate disturbance on the sample from digging. The tunnel was probed to ensure that a straight segment had been located and that there was not a nearby branch that could interfere with sampling. These feeding tunnels were Ͻ20 cm below the surface within the root zone of most plants growing in this habitat (maximum rooting depth in this habitat ϭ 228-260 cm -Bowns 1962) .
Tunnels of 60 individual pocket gophers were located-a sample determined by pilot studies to be sufficient to account for variation in total biomass among quadrats. A sampling transect comprising 5 contiguous 10-by 20-cm quadrats (labeled A-E) was positioned perpendicular to the selected tunnel with quadrat A placed directly over the tunnel and oriented with the 10-cm width across the tunnel. That size of quadrat was used because it closely matched average diameter of tunnels of G. attwateri at WWR (7.5-8.0 cm -Wilks 1963; Williams and Cameron 1990) . Thus, 300 quadrats in 60 transects were sampled.
Whole (above-and below-ground portions) plants rooted in each quadrat were collected by carefully loosening the soil under each quadrat with a trowel to a depth of about 40 cm. Plants were separated by species in the field, placed into separate paper bags, transported to laboratory facilities, and dried at 80ЊC for 48 h. After drying, individual plants were separated into roots and aboveground parts and were weighed to the nearest 0.01 g. Because our hypothesis addressed how plant biomass varied away from pocket gopher tunnels, only those quadrats that contained vegetation were considered in analyses. The sample (n) for analyzing total (monocot ϩ dicot) biomass was 60, 59, 60, 59, and 60 (298 of 300 total quadrats) for quadrats A to E, respectively; for monocot biomass, 50, 48, 50, 50, and 46 (244 of 300 total quadrats) for quadrats A to E; and for dicot biomass, 45, 46, 48, 49, and 48 (236 of 300 total quadrats) for quadrats A to E. Biomass data were normally distributed by g 1 g 2 -tests (Sokal and Rohlf 1995) ; total (monocot ϩ dicot) biomass was analyzed with a 1-way analysis of variance (ANOVA), and biomasses of monocots and dicots were analyzed with 2-way ANOVA to determine differences among quadrats.
Because responses to herbivory may vary between different plant species, we analyzed biomass separately for 2 species of perennial monocots (panic grass, Panicum oligosanthes, and purple lovegrass, Eragrostis spectabilis) and 2 species of annual dicots (doveweed, Croton, including C. texensis and C. capitatus, and tallow weed, Plantago hookeriana) that had a high frequency of occurrence in the field and were consumed by G. attwateri (Williams and Cameron 1986b) . Because our hypothesis addressed how biomass of each species varied along a transect from the tunnel, we used only quadrats that contained those species in analyses. Panicum occurred in 42, 35, 35, 37, and 39 of quadrats A to E, respectively, or 188 of 300 total quadrats; Plantago occurred in 42, 37, 35, 37, and 40 of quadrats A to E, or 191 of 300 total quadrats; Eragrostis occurred in 9, 16, 13, 15, and 23 of quadrats A to E, or 76 of 300 total quadrats; and Croton occurred in 23, 20, 18, 18, and 16 of quadrats A to E, or 95 of 300 total quadrats. Whole-plant, aboveground, and below-ground biomasses were tested for normality and analyzed with 1-way ANOVA. The Tukey-Kramer method was used to perform a posteriori tests if ANOVA indicated significant differences (Sokal and Rohlf 1995) .
Species richness (number of species) and species diversity (Shannon index, HЈ; selected because it weights rare species-Krebs 1999) were calculated for each quadrat in all transects. Quadrats devoid of vegetation were assigned a value of zero for richness and diversity; hence, n ϭ 60 for each of quadrats A to E. In most cases, HЈ ϭ ln (s), where s was number of species found in a quadrat, because most quadrats had only 1 (occasionally 2) individual(s) of any single species of plant even though Ͼ1 species of plant was usually found. One-way ANOVA was used to test for differences among quadrats in species richness and diversity using transects as replicates. Because replicate samples of diversity indices formed a normal distribution, differences in mean diversity between Ͼ2 quadrats were tested with 1-way ANOVA (Magurran 1988:76) . The difference in diversity between dicots and monocots within a quadrat was calculated as (HЈ dicot Ϫ HЈ monocot ) and compared using ANOVA. Unpaired t-tests were used to compare richness and diversity between monocots and dicots across all quadrats for a communitywide assessment of community structure. Results are reported as mean Ϯ1 SE. Statistical significance is indicated as P Ͻ 0.05.
RESULTS
Eleven species of monocots (10 grasses, 1 sedge) and 34 species of dicots were collected from 60 sampling transects. Two of the 300 sampling quadrats lacked vegetation. Total whole-plant biomass (above-and below-ground biomass of monocots and dicots) was not different among quadrats (F ϭ 0.81, d.f. ϭ 4, 293, P Ͼ 0.05; Fig. 1a ). Mean monocot total biomass (2.15 Ϯ 0.18 g/0.02 m 2 ) did not differ from mean dicot total biomass among quadrats (2.14 Ϯ 0.19 g/0.02 m 2 ; F ϭ 0.01, d.f. ϭ 1, 470, P Ͼ 0.05). There was no species-by-quadrat interaction (F ϭ 0.60, d.f. ϭ 1, 470, P Ͼ 0.05; Fig. 1a) , indicating that the pattern of response was the same for both plant groups. Total aboveground biomass did not differ among quadrats (F ϭ 0.88, d.f. ϭ 4, 293, P Ͼ 0.05; Fig. 1b) . Mean aboveground biomass of monocots (1.76 Ϯ 0.14 g/0.02 m 2 ) did not differ from that of dicots (1.74 Ϯ 0.14 g/0.02 m 2 ; F ϭ 0.01, d.f. ϭ 1, 470, P Ͼ 0.05; Fig. 1b) . We found no species-byquadrat interaction (F ϭ 0.54, d.f. ϭ 4, 470, P Ͼ 0.05). Total below-ground biomass did not differ among quadrats (F ϭ 0.89, d.f. ϭ 4, 293, P Ͼ 0.05; Fig. 1c 
Mean diversity of dicots (0.43 Ϯ 0.02) was higher than mean diversity of monocots (0.26 Ϯ 0.02; t ϭ Ϫ4.42, d.f. ϭ 598, P Ͻ 0.01) across the entire community, but diversity within quadrats did not differ between monocots and dicots (F ϭ 1.02, d.f. ϭ 4, 295, P Ͼ 0.05; Table 1 ).
DISCUSSION
Sampling at KPRNA focused on big bluestem because the bulk of the biomass collected was from that species (Reichman et al. 1993) , whereas biomass of plants collected at WWR was not dominated by any 1 species. We, therefore, were able to examine the collective response of different species of plants to disturbance by tunneling activities of G. attwateri and responses of single species. Similar responses by the total plant community (no effect of tunnels on biomass, richness, or diversity of plant species) and individual species of plants (no effect on biomass) demonstrated that an edge (or wave) effect resulting from tunnels of G. attwateri was insignificant in this floristically diverse Texas prairie.
Several factors may have contributed to these differences in effect of tunnels on vegetation at WWR and KPRNA. Net primary productivity, and possibly the rate at which damaged plants grow after disturbances, generally are higher at WWR than KPRNA (Sala et al. 1988 ), resulting in a lower effect of disturbance at WWR. However, more data are needed to confirm this premise. Individual species of plants may respond differently to damage by pocket gophers under different environmental conditions (Maschinski and Whitham 1989) , such as those at WWR and KPRNA. As an example, individuals of Ipomopsis aggregata grew at a higher rate after simulated herbivory by large mammals when exposed to full levels of light than when shaded (Bergelson and Crawley 1992) . In that study, responses by different species of forbs within the plant community to manual clipping varied, depending on abiotic conditions and which species was examined. Alternatively, ecotypes of an individual species could respond differently to damage. Dyer et al. (1991) found that grazingadapted ecotypes of Panicum coloratum, an African species from the Serengeti, produced more tillers, greater root mass, and lower shoot:root ratios after light grazing by a species of North American grasshopper than ecotypes that were not adapted to grazing.
Severity of the disturbance to the plant community caused by pocket gophers may differ between KPRNA and WWR. Increasing intensity of disturbance increases species diversity in plant communities (Carson and Pickett 1990; Gibson 1989; Tilman 1983; Williams and Cameron 1986a; cf. Armesto and Pickett 1985; Williams et al. 1986) , and greater diversity increases variability in estimates of biomass (through differences in responses to damage among species). Density of G. attwateri on Venado Sands was about 55 to 60 animals/ha (Rezsutek and Cameron 1998; Williams et al. 1986 ), whereas density for G. bursarius in Kansas was 5 to 35 animals/ha Downhower and Hall 1966; Jones et al. 1985) . A crude index of disturbance by pocket gophers can be computed as the average length of tunnels multiplied by density of animals. This index would underestimate total disturbance because it does not include disturbances from mounds or backfilled tunnels (Thorne and Andersen 1990) but estimates lengths of open tunnels at any given time. Diameters of tunnels (8.0 cm- Cameron et al. 1988; Reichman et al. 1993; Williams and Cameron 1990) On the other hand, differential consumption of plant species may ameliorate an overall effect. At KPRNA, big bluestem was grazed heavily by pocket gophers because it was nearly an exclusive source of food. On the coastal prairie of Texas, Bromus unioloides, Cenchrus incertus, and Panicum oligosanthes, which represented a small proportion of the overall biomass of the plant community, were preferred by G. JOURNAL OF MAMMALOGY attwateri as food items over other species of grass (Williams and Cameron 1986b) . If quadrat A contained a preferred grass, the wave-like edge effect could have occurred in that individual transect (i.e., the plants in quadrat B were released from competition and grew larger than those in quadrat A or C). However, if quadrat A contained a nonpreferred or avoided grass, such as S. scoparium or Elyonurous tripsacoides, either the wave effect did not occur or its magnitude was reduced. By consuming an individual plant, pocket gophers would change the microhabitat of the immediate area and release neighboring plants from competition. Such putative variation in occurrence of the wave effect would increase variation in our estimates of biomass and make a wave pattern more difficult to detect. In contrast, predominance of 1 species of grass at KPRNA likely reduced such variability among transects in response to disturbances from pocket gophers, making detection of an edge effect at the community level easier. Nevertheless, even when analyzing distribution of biomass of single food plants, as done by Reichman et al. (1993) , we detected no effects of tunnels.
The other major disturbance by pocket gophers to plant communities resulting from burrowing is deposition of soil on the surface. Reichman et al. (1993) found that mounds of soil deposited by G. bursarius in tallgrass prairie in Kansas significantly increased biomass of grasses (but not forbs) adjacent to the disturbance but did not affect soil nutrient content. Spencer et al. (1985) determined that plant biomass increased around mounds of G. attwateri in Texas prairies mainly because of increased biomass of dicots, and nutrient content (nitrogen, potassium, and phosphorus) was lower in mound soil. Williams et al. (1986) found that biomass, frequency, percentage cover, and richness of most species of plants increased on mounds but that species diversity did not.
Activity of G. attwateri in the floristically diverse coastal prairie affected primarily those processes occurring on the soil surface that determined colonization and subsequent growth of seedlings. Tunnel construction was less important in the dynamics of this species-rich grassland community. By contrast, tunnel construction and mound formation were major disturbances affecting plant community biomass (but diversity was not measured) in the floristically less diverse tallgrass prairie in Kansas. These results demonstrate how the interaction of mound building and tunnel construction by pocket gophers, in conjunction with differential responses by individual species of plants to such disturbances, determine different patterns of response across these prairie communities.
